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EXECUTIVE SUMMARY  
Tree canopy is a critical component of a ciǘȅΩǎ ƎǊŜŜƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ ŎƻƴǘǊƛōǳǘŜǎ to environmental quality, 

public health, water resource management, local economies, and the beautification of often harsh, paved 

landscapes. This urban tree canopy assessment provides a top-down view of /ƘŀǊƭƻǘǘŜǎǾƛƭƭŜΩǎ entire urban tree 

canopy, including both public and private lands, from a quantitative perspective. The data are analyzed not only 

citywide, but at a variety of geographic scales to inform various stakeholders, such as city officials, city staff, and 

residents alike as to how much tree canopy exists where. By identifying what resources and opportunities exist, 

the City can be more proactive in its approach to expanding and promoting the urban tree canopy, reducing 

canopy loss, and setting and attaining future canopy goals.   

Urban Tree Canopy in Charlottesville 
The results of this study showed that 3,152 acres of the 7,006 acres of 

Charlottesville is covered by urban tree canopy (UTC), or 45% of the City. These 

trees provide a multitude of economic, environmental, and social benefits, 

conservatively valued at just under $1 million annually.  

Assessment Boundaries 
This study assessed Urban Tree Canopy (UTC) and Possible Planting Areas (PPA) at multiple geographic levels in 

order to provide actionable information to multiple audiences. Metrics were generated at the following scales: 

The City of Charlottesville citywide boundary, Planning Neighborhoods, parcels, property ownership type (public 

vs. private lands), Rights-of-Way (ROW), and ROW by Planning Neighborhood. Additional detailed analysis of 

ROW by type has also been completed, allowing for the exclusion of alleys and railroads from the ROW.  

Within the City of Charlottesville, the Barracks/Rugby Planning Neighborhood boasts the greatest relative 

amount of UTC at 65% (324 acres), while Starr Hill contains the least with only 14% UTC (9 acres). Woolen Mills 

has the highest percentage of Vegetated Possible Planting Area (PPA-Veg) with 27% (74 acres), while Locust 

Grove contains the most absolute area with 160 acres of PPA-Veg (22%). 

Within the 1,097 acres of total ROW, there are 296 acres of UTC, comprising 27% of the ROW area and 9.4% of 

ǘƘŜ /ƛǘȅΩǎ ǘƻǘŀƭ ¦¢/Φ After additional analysis was completed to remove alleys and railroads from the ROW, 

results showed that there are 95 acres identified as PPA-Veg, or 10% of the non-

alley, non-railroad ROW. 

tǊƛǾŀǘŜ ǇǊƻǇŜǊǘȅ ŀŎŎƻǳƴǘǎ ŦƻǊ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ /ƛǘȅΩǎ ¦¢/ ǿƛǘƘ тн҈ ƻŦ ŀƭƭ of 

CharlottesvilleΩǎ ¦¢/ ŦŀƭƭƛƴƎ ƻƴ ǇǊƛǾŀǘŜ ƭŀƴŘΦ /ƛǘȅ-owned property and Right-of-

Way account for нм҈ ƻŦ ǘƘŜ /ƛǘȅΩǎ ǘƻǘŀƭ ¦¢/, with the remaining UTC is found 

on the University of Virginia campus, school properties, and the Charlottesville 

Redevelopment & Housing Authority (CRHA). City-owned parcels and privately 

owned parcels each contain approximately 50% UTC, however, private land 

contains the most opportunity for new plantings with over 800 acres of PPA-Veg identified. Meanwhile, 

combined City-owned parcels and non-alley, non-railroad Right-of-Way contain only 275 acres of PPA-Veg.  

 

45% 
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Tree Canopy 

Cover 
 

72  %

of Total Citywide 
UTC is on Private 

Property  
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Canopy Loss 
Natural and anthropogenic pressures threaten /ƘŀǊƭƻǘǘŜǎǾƛƭƭŜΩǎ trees and the benefits they provide. Factors such 

as development pressures and invasive pests can take a toll on the urban forest. This study evaluated change 

over time using two different methodologies over two different time periods, both of which revealed a decline 

in urban tree canopy across the City of Charlottesville. Canopy trends were evaluated in approximately 5 year 

intervals since 2005. Details about the methodologies can be found on page 7.  

Planting Opportunities 
Despite the decline in urban tree canopy, there is much opportunity for 

planting trees and incorporating new canopy into the City. 1,243 acres of 

vegetated possible planting area (PPA-Veg) remains, or 18% of the entire land 

area. This excludes areas identified as unsuitable for planting, such as sports 

fields, baseball diamonds, and golf course fairways. Other areas excluded 

from the total planting area (i.e. vegetation and impervious area) include 

buildings and roads. Priority planting maps have also been developed as part 

of this project and identify parcels and Planning Neighborhoods where there is 

less than average UTC and greater than average vegetated PPA.  

Methodology 

Using a top-down approach, and 2014 high-resolution imagery, land cover was mapped using an automated 

classification process resulting in five initial land cover classes which were then refined with other layers (e.g. 

building footprints, parking lots, and roads). The automated classification was then reviewed and edited with 

particular focus on urban tree canopy, plantable space, and impervious surface area. Finally, an accuracy 

assessment was conducted to produce a standard error matrix. 

The accuracy assessment was conducted using Error Matrix Interpretation. In this process, land cover is manually 

interpreted than compared with the automated classification. Approximately 1,000 randomly generated points were 

assessed then the overall accuracy was computed by dividing the total number of correct pixels by the total number 

of pixels reported in the matrix. This results in an overall accuracy of 94% for the assessment.                                  

(More details can be found in the Appendix on page 17) 
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PROJECT FUND AMENTALS & METHODOLOGY  
This section describes Plan-Lǘ DŜƻΩǎ ŀǇǇǊƻŀŎƘ ǘƻ /ƘŀǊƭƻǘǘŜǎǾƛƭƭŜΩǎ urban tree canopy assessment, from the 

foundational land cover dataset to the target geographies for which the urban tree canopy and possible planting 

areas were assessed.  

Mapping Land Cover  

The most fundamental component of this urban tree canopy assessment is the creation of an initial land cover 

data set.  Using a top-down approach, and 2014 high-resolution (1-meter) aeǊƛŀƭ ƛƳŀƎŜǊȅ ŦǊƻƳ ǘƘŜ ¦{5!Ωǎ 

National Agricultural Imagery Program (NAIP) and ESRIΩǎ LƳŀƎŜ /ƭŀǎǎƛŦƛŎŀǘƛƻƴ ¢ƻƻƭǎŜǘΣ ƭand cover was mapped 

from spectral signatures across ǘƘŜ ƛƳŀƎŜǊȅΩǎ four bands (blue, green, red, and near-infrared). The automated 

classification process resulted in five initial land cover classes as shown in Figure 1. Supplementary impervious 

data provided by the City of Charlottesville was layered in to improve accuracy, including building footprints, 

roads, driveways, and parking lots. GIS technicians then reviewed and edited the automated classification with 

particular focus on urban tree canopy, plantable space, and impervious surface area. Finally, an accuracy 

assessment was conducted to produce a standard error matrix (see Appendix, pages 17-18).  

 
Figure 1: Five Primary Land Cover Classes generated from Aerial Imagery-based Analysis 

  

Identifying Possible Planting Areas 

Once the land cover mapping results were finalized, and the existing Urban Tree Canopy (UTC) was established, 

Possible Planting Areas (PPA) were derived from the Other Vegetation and Impervious land cover classes. Areas 

in Charlottesville where it is not feasible to plant trees, such as sports fields and golf courses fairways, were 

incorporated into the map as unsuitable planting areas. These areas cover both the baseball and softball fields 

provided by the City of Charlottesville GIS, as well as additional areas manually mapped by Plan-It Geo GIS staff. 

An example is shown in Figure 2.  
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Impervious areas were also broken down into detailed classes in order 

to differentiate between impervious surfaces that offer planting 

opportunity and those that do not. Buildings, roads, and driveways are 

considered unsuitable for planting, while other impervious areas, such 

as sidewalks and parking lots, are considered feasible. While it is, 

obviously, not realistic to assume these entire areas can be replaced 

with trees, there may be potential to develop urban canopy within 

these areas, contributing to the mitigation of stormwater runoff and 

the urban heat island effect, both of which result from extensive and 

concentrated impervious surfaces. Not every area that is possible 

planting area is preferable. In some cases, management of the land as 

open space for unprogrammed recreational uses or other activities 

may preclude the ability to plant in all PPA areas. 

The resulting possible planting areas were identified as vegetated PPA 

or impervious PPA, with an aggegated value for total  PPA. It should be 

noted that cemeteries were not mapped as unsuitable for this 

assessment. Thus, areas such as Oakwood, Maplewood, and Riverview 

Cemeteries may not be practical for planting, but are reflected in the 

PPA values reported.  

Defining Assessment Levels 

In order to better inform various stakeholders, such as city officials, city staff, and citizens alike, urban tree 

canopy and associated information was calculated for a variety of geographic boundaries. These areas included 

the City of Charlottesville citywide boundary, Planning Neighborhoods, parcels, Rights-of-Way, and Rights-of-

Way by Planning Neighborhood. The citywide land cover dataset served as the input for analysis at these finer 

assessment levels, and a series of values were summarized for each. Outputs include total area (in acres or feet) 

and relative values (as percentages) for tree canopy, possible planting areas (vegetation, impervious, and total), 

as well as unsuitable areas. Assessment levels include the following geographic boundaries:  

¶ City of Charlottesville citywide boundary is the one (1) main area of interest for which all urban tree 

canopy metrics were summarized.  

¶ Planning Neighborhoods include twenty one (21) areas for which the UTC results were summarized. 

This reflects the 19 Planning Neighborhoods of Charlottesville, plus two remaining areas within the 

University of Virginia campus (UVA). While the UVA areas are not within the purview of the City to 

implement change, they were included since they are within the City limit.   

¶ Parcels are the smallest geographic boundaries that were summarized for this urban tree canopy 

assessment. These data include more than 13,500 property records.  

¶ Property Ownership Type summarizes parcels by ownership type, including schools, city-owned parcels, 

University of Virginia (UVA) campus property, Charlottesville Redevelopment & Housing Authority 

(CRHA), and privately owned lands. This allows for the distinction between public and private property, 

in addition to Right-of-Way. 

Figure 2: Areas Unsuitable for Planting 
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¶ Citywide Right-of-Way (ROW) reports the UTC results within ROW for the entire city, identified as any 

area not covered by parcels, or the inverse of the parcel area. It should be noted that not all space 

identified by this study as ROW is city-owned. Some of the area is private alleys and others may be VDOT 

or railroad company controlled, which may limit potential planting area. Thus, these data also identify 

ROW that are alleys or railroads.  

¶ Right-of-Way by Planning Neighborhoods further dissects the ROW areas by each of the twenty one 

Planning Neighborhoods so the City can get a better idea of where to focus efforts within the publicly 

owned land across these different boundaries.  

   

Figure 3: Examples of Target Geographies, including Parcels, Rights-of-Way, and Planning Neighborhoods 

 

Estimating Change in Canopy over Time    

As part of this project, urban tree canopy (UTC) was compared over two different time periods, using two 

different methodologies. First, urban tree canopy change from 2005 to 2014 was estimated using a point-based 

sampling technique. This involved the use of 1,000 randomly distributed sample points to identify the presence 

or absence of canopy in 2005 (using Google Earth) and in 2014 (using the aerial imagery from this assessment). 

To estimate canopy for 2005, sample points were imported into Google Earth (as a KMZ file) and 2005 historical 

aerial imagery was used to determine the presence of absence of tree canopy. Any offset or shifts in the 

historical imagery in the Google Earth application were visually accounted for so that the same geographic 

location was being evaluated in both 2005 and in 2014. Percent UTC cover was derived based on the total 

canopy points, compared to non-canopy points, and change was assessed by the difference in canopy 

percentages. This technique yielded a 1.6% standard error (SE) in the UTC estimates for both 2005 and 2014.  

For the second comparison, results from a 2009 urban tree canopy assessment conducted for the City of 

Charlottesville were compared to results of this study. These tree canopy values were each calculated from land 

cover maps derived using remote sensing technology. As part of this study, an accuracy assessment was run 

against the 2009 urban tree canopy data using the same random points that were utilized to assess the accuracy 

for the new 2014 urban tree canopy data. These accuracy assessments revealed only 77.7% accuracy for the 

2009 data, compared to 94.3% accuracy for this current canopy study. Thus, it should be noted that comparing 

the 2009 data against the present data may not effectively represent change over time.  
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Ecosystem Services 

Urban forests provide significant value to the City of Charlottesville. Benefits of trees are referred to as 

άŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎέ ŀƴŘ ŘŜǎŎǊƛōŜ ǘƘŜ ǿŀȅǎ ǘƘŀǘ ǳǊōŀƴ ŦƻǊŜǎǘǎ ƛƳǇŀŎǘ ƻur lives and the environment. Trees can 

be valued in terms of public health, energy demand, and public infrastructure savings, which helps justify the 

many reasons to promote, establish, manage, and maintain a ǊƻōǳǎǘΣ άǿƻǊƪƛƴƎέ ǳǊōŀƴ ŦƻǊŜǎǘΦ Quantifying these 

benefits helps to demonstrate the value of urban forests beyond their aesthetic appeal.  

To estimate the ecosystem services provided by /ƘŀǊƭƻǘǘŜǎǾƛƭƭŜΩǎ trees, the i-Tree software suite, developed by 

the USDA Forest Service, was used (http://www.itreetools.org/). These tools are used by foresters, 

communities, and consultants throughout the world to quantify ecosystem services. Within this software suite, 

the i-Tree Canopy component estimates tree cover and tree benefits for a given area with a random sampling 

process that enables classification of ground cover types. This tool was utilized to estimate the carbon storage, 

annual carbon sequestration, and annual air pollution removal provided by the urban forest in Charlottesville. To 

estimate stormwater mitigation within Charlottesville, the i-Tree Hydro tool was used to model the effect that 

land cover has on runoff within a defined area. Both watershed and non-watershed areas can be modelled 

making it a great option for municipalities whose boundaries do not align with watershed boundaries. More 

information about i-Tree Hydro can be found in the Appendix of this report (page 25). 

 

Figure 4: Ecosystem Services Provided by Trees 

 

http://www.itreetools.org/





































